The nonmevalonate pathway of isoprenoid biosynthesis supports anaerobic growth of Listeria monocytogenes.
Isoprenoids are an essential and diverse class of molecules present in all forms of life that are synthesized from an essential common precursor derived from either the mevalonate pathway or the nonmevalonate pathway. Most bacteria have one pathway or the other, but the Gram-positive, facultative intracellular pathogen Listeria monocytogenes is unusual because it encodes all the genes for both pathways. While the mevalonate pathway has previously been reported as essential, here we demonstrate that the nonmevalonate pathway can support growth of strains 10403S and EGD-e, but only anaerobically. L. monocytogenes lacking the gene hmgR, the rate-limiting enzyme of the mevalonate pathway, had a doubling time of four hours in anaerobic conditions in contrast to the 45-minute doubling time of WT. In contrast, deleting hmgR in two clinical isolates resulted in mutants that grew significantly faster, doubling in approximately two hours anaerobically, although they still failed to grow under aerobic conditions without mevalonate. The difference in anaerobic growth rate was traced to three amino acid changes in the nonmevalonate pathway enzyme GcpE, and these changes were sufficient to increase the growth rate of 10403S to the rate observed in the clinical isolates. Despite an increased growth rate, virulence was still dependent on the mevalonate pathway in 10403S strains expressing the more active GcpE allele.